Two feedlot cattle growth perfor-of diet DM, ADG was similar across treatments, mance trials and a metabolism trial were conducted to whereas feed efficiency tended ( p < . l o ) to favor the evaluate the feeding value of cane molasses ( c M ) CM diet. The NE, value of the diet was 2% higher ( 
Introduction
Wood sugars are obtained as a byproduct of sulfite pulping, through which the wood is softened and defibered. Wood chips are cooked in an aqueous solution of basic oxide containing a n excess of dissolved sulfur dioxide. The material binding the cellulose is made water-soluble in digesters. Wood sugars are separated by ultrafiltration. The resultant wood sugar concentrate ( WSC) contains (DM basis) approximately 38 to 44% total sugars and 28 to 30% lignosulfonate. In a metabolism trial (Zinn, 1990b1 , WSC was found to have 64% of the digestible energy value of cane molasses (CM). This value corresponded with the expected value (64%) based on the difference between CM and WSC in total sugars content (39% of WSC [Zinn, 1990bI and 61% for CM [NRC, 19841) . However, WSC decreased postruminal N digestion. This was attributed to interference by lignosulfonates due the high level (10.5% of diet DM) of supplementation. In common practice it is expected that WSC, like CM, will be supplemented at 4 to 5% of diet DM. The objective of this study was to evaluate the comparative feeding value of WSC for feedlot cattle with respect to both growth performance and characteristics of digestion when supplemented at 4%
Experimental Procedure
Trial 1. Ninety medium-framed, yearling crossbred steers (approximately 25% Brahman with the remainder represented by Hereford, Angus, Shorthorn, and Charolais breeds in various proportions) with a n average initial weight of 384 kg were used in an 83-d comparative feeding trial. Steers were blocked by weight and randomly allotted to 18 pens (43 m2) equipped with automatic waterers and fence-line feed bunks. Treatments consisted of an 88% concentrate finishing diet supplemented with 4% CM or WSC. Compositions of the dietary treatments are shown in Table 1 . Upon initiation of the study steers were implanted with Synovex-S (Syntex, West Des Moines, IA). Diets were prepared at weekly intervals and stored in plywood boxes located in front of each pen. Steers were allowed ad libitum access to dietary treatments, with fresh feed provided twice daily.
Hot carcass weights were obtained from all steers at time of slaughter. After the carcasses were chilled for 48 h the following measurements were obtained: 1) longissimus muscle area, taken by direct grid reading of the longissimus muscle a t the 12th rib; 2 ) subcutaneous fat over the longissimus muscle at the 12th rib taken a t a location 314 of the lateral length from the chine bone end; 3 ) kidney, pelvic, and heart fat ( KPH) as a percentage of carcass weight; and 4 ) marbling score (USDA, 1965) . Energy retention ( ER, megacalories) was derived from measures of live weight ( LW, kilograms) and ADG (kilogramslday) according to the following equation: ER = (.0493 LW.75)ADG1.097 (NRC, 1984) . Net energy content of the diet for maintenance and gain were calculated assuming a constant fasting heat production ( MQ) of ,077 x LW.75 McaVd (Lofgreen and Garrett, 1968 .41 (NRC, 1984) . This trial was analyzed as a randomized complete block design experiment (Cochran and Cox, 1950) .
Trial 2. Six Holstein steers (424 kg) with " T cannulas in the rumen and proximal duodenum (Zinn and Plascencia, 1993) were used in a crossover design experiment to evaluate the feeding value of WSC in a finishing diet for feedlot steers. Dietary treatments were the same as those in Trial 1 ( Diets were fed a t 0800 and 2000 daily. Intake of the basal diet was restricted to 7.7 kgld. After a 2-wk diet adjustment period, duodenal and fecal samples were taken from all steers, twice daily during a period of four successive days as follows: d 1, 0750 and 1350; d 2,0900 and 1500; d 3, 1050 and 1650; and d 4, 1200 and 1800. Individual samples consisted of approximately 500 mL of duodenal chyme and 200 g (wet basis) of fecal material. Samples from each steer and within each period were composited for analysis.
Upon completion of the trial, ruminal fluid was obtained from all steers and composited for isolation of ruminal bacteria, via differential centrifugation (Bergen et al., 1968) . Samples were subjected to all or part of the following analyses: DM (oven drying at 105°C until no further weight loss); ash, Kjeldahl N, ammonia N (AOAC, 1975) ; purines (Zinn and Owens, 1986) ; chromic oxide (Hill and Anderson, 1958) ; and starch (Zinn, 1990a) . Microbial organic matter (MOM) and N (MN) leaving the abomasum was calculated using purines as a microbial marker (Zinn and Owens, 1986) . Organic matter fermented in the rumen (OMF) was considered equal to OM intake minus the difference between the amount of total OM reaching the duodenum and MOM reaching the duodenum. Feed N escape to the small intestine was considered equal to total N leaving the abomasum minus ammonia N and MN and, thus, includes any (NRC, 1984) . Net energy content of the diet for maintenance and gain were calculated as indicated for Trial 1. This trial was analyzed as a randomized complete block design experiment (Cochran and Cox, 1950) . The protocol for this trial was approved by the University of California Animal Use and Care Administrative Committee.
Results and Discussion
The CM contained (as-fed basis) 72.9% DM, 8.6% ash, 48% total sugars, and 79.5 degrees Brix. The composition of WSC is shown in Table 3 . Compared with WSC, CM was lower in ash content but higher in total solids and hydrolyzable sugars. Based on the difference in hydrolyzable sugars content, it is expected that WSC would have approximately 59% of the feeding value of CM.
The comparative feedlot performance and carcass characteristics of steers fed a finishing diet containing 4% CM vs 4% WSC are shown in Tables 4 and 5. The influence of substituting CM for 4% WSC on characteristics of ruminal and total tract digestion is shown in Table 6 . Treatment effects on ruminal OM, ADF, and starch digestion were small ( P > .lo).
Consistent with previous in vivo (Zinn, 1990b) and in vitro (Chalupa and Montgomery, 1979) investigations, it seems that the high polyphenolics (lignosulfonate, Table 3 ) content of WSC does not interfere with either the site or the extent of carbohydrate digestion. There was a slight reduction ( P < .05) in ammonia N passage to the small intestine with WSC, notwithstanding a tendency for greater ( P > . l o ) ruminal feed N degradation, In previous studies, lignosulfonates ( a s contained in WSC) have been shown to decrease ruminal degradability of feed N. Hartnell and Satter (1978) noted a 15% reduction in the in vitro ruminal degradability of soybean meal .736DE -.661; NRC, 1984) .
blended with 10% masonex. Thomas et al. (1979) noted decreased water-soluble N and decreased in vitro ammonia accumulation when soybean meal was blended with 10 to 20% masonex. Sorensen and Hinman ( 19 9 2 ) found that replacing beet molasses with 4% WSC tended to reduce blood urea N.
Postruminal and total tract digestion of OM, ADF, starch, and N were not affected ( P > . l o ) by substituting WSC for CM. Some difference in OM digestion is expected because WSC contains approximately 40% less hydrolyzable sugars than CM does. Failure to observe a response is most likely a reflection of the low level of inclusion of WSC relative to the limits of the study for detecting a response. When WSC was supplemented a t a higher level (10.5%, DM basis) diet OM and GE digestibility were decreased, consistent with what was expected based on hydrolyzable sugars content (Zinn, 1990b) , although small intestinal N digestion was also decreased with the high level of WSC supplementation.
The comparative feedlot performance of steers fed a finishing diet in which CM was substituted for 8% WSC is shown in Table 7 . As with Trial 1, treatment effects were small. Nevertheless, feed efficiency tended ( P < .lo) to favor the CM diet. The NE, value of the diet was 2% higher ( P < .01) with CM supplementation. The NE, and NEg values of WSC are 1.25 and .68 McaL'kg, respectively.
Consistent across all three trials, the comparative feeding value of WSC was higher than would be expected based on its hydrolyzable sugars content. Observedexpected diet NEd ----aInitial and final weights were reduced 4% to account for digestive tract fill. bTreatments differ ( P < . l o ) . CTreatments differ ( P < .01).
dExpected NE based on tabular NE values for individual feed ingredients (NRC, 1984) with the exception of supplemental fat, which was assigned NE, and NE, values of 6.03 and 4.79 Mcal/kg, respectively (Table 2) .
Implications
It is concluded that wood sugar concentrate may be a useful alternative to molasses in diets for cattle. The feeding value of wood sugar concentrate seems to exceed that based on its hydrolyzable sugars content. The estimated net energy for maintenance and gain (dry matter basis) of wood sugar concentrate are 1.25 and .68 Mcal/kg, respectively. Thus, the net energy value of wood sugar concentrate is approximately equal to that of hemicellulose extract (masonex) and is 69% of the tabular value of cane molasses.
